Abstract: For a robot to converse naturally with a human, it must be able to accurately gauge the emotional state of the person. Techniques for estimating emotions of a person from facial expressions, intonation and speech content have been proposed. This paper presents a technique for judging the emotion of a person using EEGs, differing from the data used to date. Accuracy of emotion judgment was 33.0%, which is still low, but we believe we obtained sufficient clues that will lead to improved accuracy, such as the validity of knowledge base clustering.
Introduction


Authors are conducting research aiming to develop new interfaces that follow the mechanism of human communication, focusing on human common sense [1] [2] [3] [4] [5] [6] [7] [8] . Humans, in such communication, are able to appropriately interpret ambiguous information that they receive and carry on a smooth conversation. Common sense is knowledge (ability) that only man has. The person can express feeling either sense of incompatibility or unnatural by using common sense. Moreover, the person can appropriately interpret when the sense of incompatibility and unnatural are felt.
Especially, authors focus on the emotion of which common sense and attempt to compose a method that judge the user's emotion, based on EEGs. For a robot to converse naturally with a human, it must be able to accurately gauge the emotional state of the person. Techniques for estimating emotions of a person from facial expressions, intonation and speech content have been proposed. This paper presents a technique for judging the emotion of a person using EEGs, differing from the data used to date.
Overview of Proposed Technique
The objective of this technique was to read the emotions of a conversation partner from EEGs. Fig. 1 shows outline of the proposed technique of emotion judgment from EEGs.
EEGs acquired from the subject are used as source EEGs. Emotions of the subject at that time are acquired simultaneously. Spectrum analysis of the source EEGs to which emotion flags have been assigned is performed every 1.28 s, and the EEG features of θ waves (4.0 Hz to 8.0 Hz), α waves (8.0 Hz to 13.0 Hz) and β waves (13.0 Hz to 30.0 Hz) are determined (Fig. 2) . A knowledge base of EEG feature is created by clustering the determined EEG features.
To judge emotion from EEGs, the distance between EEG features of the EEG to be judged and the data in the EEG feature knowledge base to which emotion flags have been assigned was determined in this study, and emotions were then judged. Emotions judged in 
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Determination of the Number Clusters and Threshold Value
The emotions of the 3436 EEG features used in this study comprised 1159 anger features, 575 sadness features, 1164 no-emotion features, and 538 pleasure features. In cases where the number of data points differed greatly among emotions, a noticeable difference ended up occurring in the number of data points in clusters when clustering was performed under the same conditions. The number of clusters for pleasure, sadness, anger and no emotion was thus set to 64, 64, 32 and 32, respectively, to result in the same ratio as the ratio of the four emotions of 1:1:2:2. And, as a result of examination, "100" was used as the threshold value in this study.
Evaluation Experiment
Experimental Method
The evaluation method used was a leave-one-out cross-validation, a technique in which one data point from all test data was extracted and compared with all the remaining data. Fig. 4 shows the result of emotion judgment from EEGs. Accuracy of emotion judgment from EEGs using the clustered EEG feature knowledge base was 33.0%. As a comparison, an emotion judgment system offered by a company that develops EEG measurement equipment [2] showed 27.9% accuracy.
Evaluation of Accuracy
Moreover, an accuracy of emotion judgment system using the NOT clustered EEG feature knowledge base is 27.8%. The method proposed herein thus appears valid.
However, performance accuracy remains low, and continued development is required through further development of methods for both reducing noise mixed in with EEGs and constructing knowledge bases.
Conclusions
Authors are conducting research aiming to develop new interfaces that follow the mechanism of human communication, focusing on human common sense.
Especially, authors focus on the emotion of which common sense and attempt to compose a method that judge the user's emotion, based on EEGs.
EEGs acquired from the subject are used as source
EEGs. Spectrum analysis of the source EEGs to which emotion flags have been assigned is performed every 1.28 s, and the EEG features are determined. To judge emotion from EEGs, the distance between EEG features of the EEG to be judged and the data in the EEG feature knowledge base to which emotion flags have been assigned was determined in this study, and emotions were then judged. Emotions judged in this study were pleasure, anger, sadness, and no emotion.
Accuracy of emotion judgment was 33.0%, which is still low, but we believe we obtained sufficient clues that will lead to improved accuracy, such as the validity of knowledge base clustering. We plan to continue research aimed at improving the accuracy of emotion judgment by EEGs in the hopes of developing robotic systems that can participate in conversation and activities while gauging human emotional states.
